.

W [ap

FA-TA-75062

DIFFUSION OF DETERRENTS INTO A NITROCELLULOSE MATRIX.
AN EXAMPLE OF DIFFUSION WITH INTERACTION

MMAOL5487

August 1975

Approved for public release; distribution unlimited.

Munitions Development & Engineering Directorate

U.S. ARMY ARMAMENT COMMAND
FRAN KFORD ARSENAL
PHILADELPHIA PENNSYLVANIA 19137




DISPOSITION INSTRUCTIONS

Destroy this report when is no longer needed, Do not return it )
to the originator,

The findings in this report are not to be construed as an c;fficial De-

partment of the Army position unless so designated by other author-
ized documents,



i

UNCLASSIFIED ;g ‘
SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered) g

REA STRUCTIONS

REPORT DOCUMENTATION PAGE pEp TAD INSTRUCTIONS 7

1. REPORT NUNBER 2, GOVT ACCESSION NO.“ 3. RECIPIENT'S CATALOG NUMBER L, j
i
“'”";d' FA:!'Ee; oa?ﬁ%nﬂ"k YPE OF REPORT & PENOD COVERED i
13
|[DIFFUSION OF DETERRENTS INTO A NITROCELLULOSE ‘{_’) ) i
{MATRIX. AN EXAMPLE OF DIFFUSION WITH INTER- J_ echnical research article \33 i
|Kcrione ‘

p——— P e e

—zongn

e

u::uo a,
B. W. /Brodman
“1J. A, /Sipia, Jr.

8. CONTRACT OR GRANT NUMBER(s)

(DZ] ot 74/

P

S./Schwart:z : oR TR %
TOTPERFORMING ORGANIZATION NAME ARD ADDRESS ! AREA ‘ wonx UNIT NUMBERS i
Frankford Arsenal AMCMS CORE; _4110+16.0217.6 ¥
ATTN: SARFA-MDP-R DA PROJECT: /A ;
11, CONTRQL'LlNG OFFICE NAME AND ADDRESS ' 12. REPCRT DATE

13, NUMBER OF PAGES
9 ;

1S, SECLRITY CLASS. (of thie report)

UNCLASSIFIED

13a. DECL ASSIFICATION/DOWNGRADING
SCHEOUL
N/A

1
ARMCOM C/ 7, | August 1975

T4, MONITORING Actnywif ADDRESS(!! dliterent from Controlling Ollicn)

}
|
?
|

16. DISTRIBUTION STATEMENT (of thle Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract ¢ cered in Block 30, I diflerent frots Report)
! N

18. SUPPLEMENTARY NOTES

[ .
iy a4

19. KEY WORDS (Contlnue or reveras side I necessary and identlfy by dlock number)

Small Arms Propellant Di-n-Butyl Phthalate
Deterrents Diffusion

Deterring Interaction Mechanism
}/?itrocellulose Hydrogen Bonding

20. ABSTRACT (Continue on reverse sido { necesssry and ldentily by black nunber)
fue diffusion of various concentrations of a deterrent (di-n-butyl phthalate)
into a spherical, nitroglycerin-containing nitrocellulose matrix was studied
. It was concluded that the final concentration profile could best be ex-
plained by a diffusion with interaction mechanism. Based on this mechanism,
a method for calculating the depth of deterrent penetration is presented.

[\

FORM .,
EDITION OF | HOV 65 IS OBSOLETE / pa -
DDy jan 7 W73 LASS Ve
SECURITY CLASSIFICATION OF THIS PAGE (When Daia Enterec)

N

PR s e e ~ o

L A (G W IS, RS T BT A

?{ ;
i

el

|

PRy 3

A w0

A

et s o o T B Y L3

i e DT T L IR ey ek St T e g g




IR e = e e R L R e y— - - s . TR S S NN . PP ~ s
uww. - " —om—
.
L]
¥ -
\ e P o
S e — - s e = s = .
.w - — e .
—— D
s,
B
o
J g
2 s
.. : g
¢ 3
. Q
{
3
: €
; P
: ]
. <
™y
, @
: ] x
“ S
I - [N
N <% o
- I
w;. 77 w
e “3 -
£t . -
X 5 13
P i v
“ i [&) 4
.,/w ! @ b4
I 5 |z
« _ A
. ! o
by >
.t =
x
$ 3
- : s s
i -]
! .
i &
m
, W
; o
N
: 8 e
74, X
2 i E
1. - I
iy w |0
- BT
M o
.I
O <
2z L
[T ™Y
a
]
<
J
o
>
o4
3
2
0
W
3 i (2]
0u § T T ettt e e v e
. ; e -
—
. .
. ———— - —_— — —— e = = i NG - e ———— e -




P T G LR

- ~

5 O e Ay
(ORISR ST S Y

o

@ gy e
3

R T,

R .
- —— .

b o oo

o

4

g A Y

v ctap Sl )

R VT TR TR N G -

JOURNAL OF APPLIED POLYMER SCIENCE

VOIL. 19, PP. 1905-1909 (1975)

Diffusion of Deterrents into a Nitrocellulose Matrix.
An Example of Diffusion with Interaction

B. W. BRODAMAN, J. A, SIPIA, JR,, and S, SCHWARTZ, M unitions
Development and Engineering Dirveclorale, Frankford Arsenal,
Philadelphia, Pennsylvania 19137

Synopsis

The diffusion of various concentrations ¢ a deterrent: (di-n-butyl phthalate) into a spherieal,
nitre 'lycerin-centaining nitrocellulose matrix was studied. It was concluded that the final
concentration profle could best be explained by a diffusion with interaction mechanism.  Based
on this mechanism, a method for ealeulating the depth of deterrent penetration is presented.

'INTRODUCTION

Deterrents are materials which are diffused some distance into nitrocellulose-
based, small-arms.propellants in order to slow down their initial burning rate
when the tofal grain surface area is at maximum.  Small variations in the depth
of penctration and concentration of deterrents in a small-arms. propellant have
been found to have a dramatic effect on the propellant’s ballistic performance,
TFor this reason, a study was made of the depth of penetration of di-n-butyl
phthalate (DBP, a deterrent) obtained when various concentrations were -dii-
fused (utilizing a sealed-down production technique) into a spherical, double-
base (nitroglycerin-containing) nitrocellulose matrix.

Past work to establish methods for measuring the depth of DBP penetration
into a nitrocetlulose (NC) matrix utilized staining®? and optical techniques.®
Levy? postulated a shallow deterrent gradient from the diffusion front to the
grain surface and measured the eficet of concentration and other process vari-
ables on depth of deterrent penetration. An autoradiographic study? of the
DBP concentration profile in a spherical NC matrix showed that the concen-
tration of DBD was level through the body of the deterred region (which is only a
portion of the grain diameter), with an abrupt drop in concentration, and that
the visually observed depth corresponded to the actual depth. IFurther, this
work! indicated that a diffusion with interaction mechanism could account for
this type of concentration profile. An infrared study® has demonstrated that
hydrogen bonding oceurs between the carbonyl group of DBP and the unesteri-
fied hydroxyl groups in'NC and also measured the lengths of these interactions.
Brodman® has shown {hat hydrogen bonding oceurs between unesterified hy-
droxyl groups in NC, and again the bond lengths were measured. Iowever,
the strength of the NC-OII interactions in pure NC was weaker than the deter-
rent-NC hydroxyl interactions. [urther, a subsequent study? considered the
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1906 BRODMAN, SIPIA, AND SCHWARTZ

hydrogen bondi > characteristics.of both ethyl-acetate (EA) and nitroglycerine

(NG)-in a NC- matrix. These results indicated that EA does Liydrogen bond to-

the unesterified-bydroxyl-groups in-NC and that the bond strength of: this inter-
aetion is ‘the same a5 that obtained for the DBP-NC initeraction. Also, it
was show~ “that NG does not hydrogen bond to unesterified hydroxyl groups in
\’G

Hcrzog‘ «deseribed the NG impreguation process and has shown by micro-
scopic examination of sectioned- grains that the.residual A which remains in
propellant grains prior to deterring is coneentigted at the surface of the grain.
Murther, this reference indieated that some-residual solvent should be left in the
-grainin ordertn facilitate deterring,

EXPERIMENTAL

NC sphieres used in this study were undeterred WCS70 ball propellant made
by Badger Army Ammunition Plant. The moisture-free composition of the
NC spheres was 1,229, diphenylamine, 0.49% A, 0.64% DN, 0.319, DBP
(both DX and BA -are present as contaminants), 9.409% NG, and 87.949%, NC
(18:.15%, N) determined by difference from a solvent, extractable fraction. The
spheres ranged in size from 0.034 to 0.027 in.  Purified di-n-butyl phthalate
was obtained from Yisher Scientitie Co. .

‘Scaled-Down Deterring Process.  WCS70 propellant, 200 g, 500 ml water
and-1.3 g:Swifts Celloid #1 (Swift and Co.) were placed in a 2-liter, three-neck
flask equipped with a stirving blade and a condenser. During the deterring
process, the flusk was vlaced in a constant temperature water bath and main-
tained at 76° 2 0.32(C" A separate c.awlsion of DBP was prepared by dis-
solving 0.1 g Swifts #1 Colliid in 50 ml water and adding the appropriate amount
of DBP to the-zolution. .he DEP emulsion was maintained at 76°C prior to
addition o the fiask containing *he propellant.  An apbropriate quantity of this
-emulsion which centained 3 parts of DBP to 4 parsts of water/colloid was added
to the deterring flask.  After addition of the D1P emulsion, the flask was main-
tained at 76° % 0.5°C for 6 hr with constant stirring. These conditions have
been shown to result in quantitative transfer of the deterrent {o'the propellant
grains At the end of the 6-hr period, the liquid was poured off and the pro-
peliant was washed with 1 liter of water.  After washing, the deterred propellant
was allowed to air dry oveinight at ambient .emperature, TFurther migration
of deterrent during veashing, drying, and storage did not present a problem since
past work?* has showi that hydrogen bonding to NC oceurs.

Microtoming., Thirty iudividua! grains of the deterred propellant from cach
run were mounted on Vs in, ceramie vods with Titebond Glue (Franklin Glue Co.)
anhd ‘migrotome¢ imto seetions about 22 p thick. The sections were then per-
manently mounted on-microseope slides with Permount (Fisher Scientifie Co.).

Measuring. The mounted grain scgments were measured using a Unitron
TMS-1566 measuring microscope equipped with a 10X eyepicece and 10X objec-
tivelens. The maximum error in measuring the depth of penetration was £3 p.

‘Determination.of DBP aud EA, Both DBP and EA were determined on the
deterred grains by extracting the propellant with a methanol/acctone mixture.
The resulting liquid extract vas then subjected to gas-chromatographic analysis.®
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?é DETERRENTS IN NITROCELLULOSE 1907
§A DISCUSSION
&‘ The purpose of this study was to measure the deptk . DBP penctration in a
bu .spherical, NG-containing, NC propellant grain and to provide a means for
o predicting the depth of penctration.  This method. of prediction was-based on a
diffusion with interaction mechanism and. therefore had to:consider other factors
%;j : which would alter the extent of deterrent interaction. Turther, this deserip-
S tion is-offered as an interesting general example of a nonclassical concentration
§ { profile (onewhich does not obey Fick's law) okitained from a case of diffusion with
Lo interaction. ‘ .
N The hydroxyl group density of the NC:is important in-DBP depih considera-
Bl tions since an interaction has been shown to exist bebween the detérrent carbonyl
E{n group and the unesterified hydroxyl eroups-in NC.  The relationship used to
i cstablish. the nuimber of hydroxyl gr aps per repeat.univ (N-oy) based on NC
i;} nitfogen content (X y) is given below:
. §f’“ Noon = 3.0~ {162.15) (Xx) [4))
f; O T T 0T h) (%)
%‘”‘ The hydroxyl group density (p-on) of the single-base grain can be ealeulated
from thespecific gravity (p.) and the number of hydroxyl groups per NC repeat
¢ f . ye . Il
i unit according to the following equation;
% B
3 Psb N—Oll P » - R 2 ¢
%:» p-on = === [1 = {Xppa + Xpurs 4+ Xpyn)] @
:?:\- H NCunig
& where Wy is the gram-molecular weight of & NC repeat unit and Xpp,,
i Xpxr, and Xpgp; are the weight fractions of diphenylamine, dinitrotoluene, and
2 dibutylphthalate present as cither stabilizer (DPA) -or contaminants (DNT,
14 DBP) in thesinglo-Lage grain,
7 In sirailar fashion, the initial molecular densities of DBY and EA (poury, prasd
& were ealenlated.  Since tlie initial DBP content of the propellant is distributed
homogencously, the hydroxyl group density was corracted for the DBP-NC_ox
T interaction in the following way:
;‘ pon’ = pon = ponp: 3)
,ﬁ N where p.on’ is the density of -hydroxyl groups which are available for further
% ; interaction. Beeause of the complex nature of the NC matrix, a certain frac-
ke tion of NC.on groups would be precluded from an interaction. Therefore, it .
} i became necessary to correet p.on’ forsteric hindrance.
¢ s The hydroxy! group density that is available and accessible for interaction is
g0k M grouy 3
i given below:
? p*-on = p-on’ (1 = X-ounina) Y
z% whiere X_on nna represents the fraction of sterieally hindered hydroxyl groups.
] Since.the residual solvent (EA) has been shown to hydrogen bond through s

carbony] group with NC-on groups and the resulting strength is the same as
g £

. ‘{ - 3 that for the DIBP, NC..on interaction, a number of NC_qu. groups are blocked
. %j from DBP-NC interaction. Also, previous work has shown that due to manu-
E b R - . . .
<o % facturing conditions, the EA is found near the surface of the grain, Conse-
S i * . . - - » B
' S I quently, in the development of the following prediction, the EA was treated »
S =4 |
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Fig. 1. Predicted and experimental values of (Ri/ )3 for varying DBP concentration.

as a molecule of DBP and therefore distributed homogeneously throughout, the

deterred region.  I'rom geometrie considerations, the following statement was
formulated.

4 4 4 TRy [p,,b N,.v< Xonp ) ]} .
SIRS = ke - 45 ~ pouri prac [ €
37" T3 t {3 p¥won LM Wpup \1 ~ Xpyp POVRETT PEAL ®

The ferm in braees in eq. (5) reflects the volume of the deterved region based
on the weight fraction of DBP (Xpgp) in the propellant and the available and

accessible ~-OII group density. By collecting terms and simplifying, the fol-
lowing relationship was cbfained:

It/ R = [1 + QL"”_!:..BEAQ] _ [

p¥ou

(poan) (N¥sv) ] Xpep
(MW ose) (p*-ou) 1l — Xppe
where pg, represents the double-base density (NG containing) of the propellant,
N, is Avogadre’s number, and 3/ Wpyp is the gram-molecular weight of DBP.
The depth of penetration is ealeulated as (R,/R¢)? to avoid particle size varia-
tions. It was found that a 12.3%, sterie factor provided the best fit for the slope
and that all other steric factors used in this ealeulation produced a line which
was not paraliel to the experimental ine shown in Figure 1. The only variabie
which would afiect the slope of the caleulated line is p*_on. Factors which
could eause variation in p*_oy are degree of nitration, which was known and
accounted for. and steric hindrance. Therefore, it was reasonable to include a
steric hindrance factor in the caleulation. Iurther, it secems likely that a certain
fraction of the hydroxyl groups is hindered since it survived the nitration reac-
tion. As can be seen in Figure 1, there is fairly good agreement between the
caleulated line and the experimental line. The experimental data were ob-

(6)
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33.27
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58.42
70.87
75,93
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* Caleulated from eq. (6) using the average propellant grain radius-for each group.

tained by microtoming and measuring the diameter and depth of penetration of
30 graine b cach concentration studied. In some cases, the graing were ob-
long 50 *he major and minor axis were measured and the diameter taken as the
average.  DBP depths of penctration were caleulated using eq. (6) and come
pared with the experimental results in Table I As can be seen, the predieted
depth was within experimental error of the measured depth in all but two eases.

These data indieated that the relationship between deterrent depth and.con-
centration can hest be deseribed by a diffusion with interaetion meshanism,
Further, it has heen shown that an interaction involving a second moleeule, BA,
can be used to alter the depth of penetration; and finally, a method for pre.
dieting the depth of deterrent penetration for a fixed time and temperature has
been developed.  Perhaps the more general lesson learned in this study is that a.
chemical interaction should be looked for when nonelassieal coacentration gradi-
ents are observed experimentally,  Further, these interzetions, in some cases,
may he exploited in order to alter the depth of penetration, for a given concen-
tration, by blocking interacting groups in the solid matrix.  Finally, when inter-
actions are responsible for nonclassical diffusion gradients, all factors which al-
feet the interaction (such as sterie hindranee) musi be econsidered.
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